Aneurysms of the vertebral artery (VA) and posterior inferior cerebellar artery (PICA) account for only about 3% of all diagnosed intracranial aneurysms. The surgical therapy of these aneurysms is complex and difficult due to the close topographical relationship between the neurovascular structures. Here, we report upon 27 patients with 29 such aneurysms. Of these, 22 patients (81%) were hospitalized because of a subarachnoid hemorrhage. Sixteen of these patients (72%) had an additional intraventricular hemorrhage. Twenty-one patients (78%) were surgically treated for their aneurysms, three of them also for an associated arteriovenous malformation. Aneurysms of the VA and the proximal PICA were exposed via a transcondylar (n=11) or lateral suboccipital (n=3) approach, those originating from the distal PICA via a paramedian suboccipital (n=7) route. Endovascular therapy was used in three patients. A patient with a fusiform aneurysm of the vertebrobasilar junction was treated with a ventriculoperitoneal shunt only. Three aneurysms with a complex morphology were not treated. Of the patients operated upon, two died postoperatively due to vasospasm. Two other patients developed an incomplete dorsolateral medullary syndrome. One individual was lost for follow-up. The median followup period was 4.6 years (range 3-86 months). Both, the overall mortality (2/27) and morbidity (2/27) were 7.5%, respectively. Our results show that even complex vascular lesions of the posterior fossa can be treated with a satisfactory long-term outcome in the majority of our patients (85%). The multimodal management and an individually tailored microsurgical approach are key issues for the treatment of such aneurysms.
Introduction
Aneurysms of the vertebrobasilar system have several characteristic features which distinguish them from aneurysms of the anterior circulation. First of all, they are relatively uncommon, accounting for only about 3% of the intracranial aneurysms. This is the reason why the majority of neurosurgeons have little experience with the management of these lesions. Secondly, these aneurysms show great variability in size, location, and morphology. The percentage of dissecting and fusiform aneurysms is much higher than in the other intracranial compartments. Thirdly, most of the aneurysms of the vertebral artery (VA) and the posterior inferior cerebellar artery (PICA) are located deeply in the posterior fossa and have a close relationship to the lower brainstem and the caudal cranial nerves. The variability of the anatomy of the VA and the PICA add further to the complexity of the lesions and increase the risk of surgical management.
The present retrospective study was performed in order to analyze the effectiveness of our treatment modalities and furthermore to share our experience gained with the management of these difficult vascular lesions.
Materials and Methods
This series includes 27 patients treated between 1989 and 1997 at the Technical University of Aachen and the Philipps University of Marburg, Germany. There were 20 female and seven male patients. The age ranged from 20 to 76 years (mean 53.6 years). The mean age of the female patients was higher (55.7 years) than that of the male patients (48.6 years). According to the location of the aneurysm and the treatment modality (surgery ver- were located at the proximal intradural VA (Fig. 3) , seven at the origin of the PICA (Fig. 4) , three at the distal intradural VA, two at the VA junction (Fig. 5) , three at the anterior medullary segment of the PICA (Figs. 6 and 7) , five at the telovelomedullary segment ( Figs. 2 and 8) , and one at the cortical segment of the PICA (Fig. 1) . In 17 patients the aneurysms were located on the left side (63%), in seven others on the right side (26%); two patients harbored the vascular malformation in the midline and one individual bilaterally. Five patients had more than one aneurysm. However, only two of these individuals harbored multiple posterior circulation aneurysms. In three patients the aneurysms were accompanied by small cerebellar AVMs ( Time interval between SAH, hospitalization, and surgery: The majority of patients was admitted within 3 days after the SAH (90%), ranging from 0 to 28 days after the initial bleeding. Sixteen patients were operated on within the first 3 days after hospitalization, provided the clinical state allowed surgical manipulation (Tables 2-5 ).
Surgical procedures: The majority of patients were treated by direct exposure of the aneurysm. Direct clipping in 14 patients, coagulation, coating, proximal occlusion of the VA, and end-to-end anastomosis of the PICA in one individual, respectively, as well as clipping and removal of concommittant AVMs in three other patients were the surgical techniques applied in this series (Table 6 ). Aneurysms of the VA and the proximal PICA were approached via a transcondylar (n=11) or lateral suboccipital route (n=3), while aneurysms originating from the distal PICA were exposed via a paramedian suboccipital craniotomy (n=7). Four of the patients treated surgically required a permanent shunting due to a posthemorrhagic hydrocephalus.
Surgical complications and results: Postoperatively, two patients developed a complete dorsolateral medullary syndrome due to a partial occlusion of the PICA following prolonged intraoperative temporary clipping of this vessel. The clinical symptoms of these patients gradually resolved during the follow-up period. Two patients had a transient sixth cranial nerve palsy, two patients who had developed aspiration pneumonia required prolonged ventilation. Two of the patients treated with surgery died postoperatively due to massive vasospasm. Satisfactory exclusion of the aneurysm from the circulation was possible in 24 of 27 patients, in 21 instances by surgery and in three instances by endovascular techniques (Tables 2-6) .
Non-surgical treatment modalities: Endovascular therapy was used in three patients who could not be treated surgically because their pulmononary state was too instable for a surgical treatment. One patient with a fusiform aneurysm of the vertebrobasilar junction was treated with a ventriculoperitoneal shunt only due to a posthemorrhagic hydrocephalus. Three aneurysms with a complex morphology were estimated as not treatable by both surgery and coil embolization.
Duration of hospitalization:
The median duration of hospitalization of our patients was 29.2 days, ranging from 10 to 57 days.
Follow-up: Twenty-four individuals were available for follow-up. The median follow-up period was 4.6 years (range 3-86 months). Two patients showed the signs of an incomplete dorsolateral medullary syndrome. The clinical condition of all patients is described in Tables 2-5 . Both, the overall mortality (2/ 27) and morbidity (2/27) were 7.5%, respectively (Table 7) .
Discussion
Aneurysms of the vertebrobasilar system are rare and difficult to treat. They reveal a great variability in size, location, and morphology. angiography may give additional information, particularly useful for the planning of an optimal surgical approach.11) Management and decision making: Once diagnosed, the decision whether or not and when to treat the aneurysm remains difficult. The risk of rebleeding and mortality in patients with vertebrobasilar artery aneurysms is extremely high.13) Therefore, we operated on all aneurysms that in our opinion could be surgically excluded from circulation, provided the patient's state was H&H IV or better. The estimation of the H&H state as necessary for decision making was performed after cerebrospinal fluid (CSF) drainage and also directly before surgery in most cases, because the clinical condition of some patients improved dramatically after CSF drainage. In our institution, interventional therapy with detachable coils9) was applied only in patients who were not eligible for surgical treatment, for instance due to an insufficient respiratory state. Choice of the correct surgical approach and surgical risk: Aneurysms of the VA and the proximal PICA were operated on via the suboccipital lateral transcondylar approach2,3) because it provides an optimal view and enough space for microsurgical manipulation in the region of the anterior foramen magnum and the lower clivus.2-4,10) With this technique, injury to the lower cranial nerves and per-H. Bertalanffy et al . Time of hospitalization and follow-up: Since most of our patients became completely independent, the median time necessary for hospitalization in this difficult patient collective seems adequate. Both, the overall mortality and morbidity were 
